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Post-disaster field observations of the built environment are critical for advancing fundamental research that links hazard data to structural performance, cascading community impacts, and the development of effective mitigation strategies. Yet, data collection efforts remain fragmented across hazard types and infrastructure systems due to varying objectives, methodologies, protocols, and standards among investigators and organizations. To address this, a Unified Assessment Framework has been developed for standardized post-disaster hazard and structural assessment data and metadata collection across multiple natural hazards (earthquake, windstorm, coastal events) and infrastructure typologies. The framework encompasses a tiered performance assessment of infrastructure with increasing rigor and fidelity levels: Basic Assessment (BA), Load Path Assessment (LPA), and Detailed Component Assessment (DCA). The framework has been implemented as an open-access mobile application, the Structural Extreme Events Reconnaissance Network’s “StEER Unified App”, hosted on Fulcrum, a commercial data collection platform by Spatial Networks Inc. Along with unification of data fields, preliminary mapping rules were developed to map out existing hazard-specific damage rating scales (e.g., wind, surge/flood, rainwater ingress) to the European Macroseismic Scale (EMS-98) compatible unified damage scale, enabling consolidation of global damage ratings into a common data field, facilitating the unification of multiple hazards within a single app. In the mapping process, care was taken to retain the overarching damage level definitions (e.g., slight, moderate, severe damage) while customizing the specific descriptors to reflect hazard-specific damage mechanisms. Two use cases are presented to demonstrate the application of this framework through the StEER Unified App: a supervised pilot after the 2022 Hurricane Ian, Florida and an unsupervised deployment for the 2023 Turkey earthquake sequence. These deployments highlight the framework’s flexible and scalable nature, demonstrate the feasibility of standardized assessments, and offer insights into how data quality is influenced by assessor pre-deployment training and assessment tier, particularly for more complex tasks such as load path evaluation. This work advances the field by providing a scalable, standardized, and hazard-agnostic approach to structural field reconnaissance, enabling more consistent and coordinated data collection across events. The open-access framework and app not only support real-time deployments but also allow integration of legacy datasets into a unified platform—laying the foundation for longitudinal analyses, cross-hazard comparisons, and expanded data reuse within the Natural Hazards Engineering community.
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1 INTRODUCTION
Post-disaster hazard and structural field assessments are essential for advancing both research and practice in natural hazards engineering (e.g., EERI, 1971; NRC, 2007; Delatte, 2008; Wartman et al., 2020; Kijewski-Correa et al., 2018; 2021; 2022). These assessments help correlate hazard characteristics with site-specific load effects, evaluate the performance of civil infrastructure under extreme conditions, and examine the cascading consequences for community resilience. They inform mitigation strategies, guide policy development, and ultimately contribute to more resilient built environments. Over the past several decades, detailed field investigations have been conducted following a wide array of hazard events, including earthquakes, tsunamis, tornadoes, and hurricanes. These investigations—often led by academic teams and interdisciplinary consortia—have yielded valuable insights into structural vulnerability, failure mechanisms, and post-event recovery processes. A summary of representative post-disaster assessments across various hazards is provided in Table 1, illustrating the breadth and depth of these efforts and their contributions to both engineering research and practice.
TABLE 1 | Representative post-disaster field assessments by hazard type and year.	Hazard type	Notable events	Representative studies
	Earthquake	Christchurch (2011)
Nepal (2015)
Türkiye (2023)	Elwood (2013); Wilkinson et al. (2013); Fikri et al. (2019)
Barbosa et al. (2017); Brando et al. (2017)
AFAD (2023); Dilsiz et al. (2023); Aktaş et al. (2024)
	Tsunami	Indian Ocean (2004)
Chile (2010)
Japan (2011)	EEFIT (2005); Saatcioglu et al. (2005)
EERI (2010); Robertson et al. (2012)
EEFIT (2011); Chock et al. (2013); Suppasri et al. (2013)
	Tornado	Joplin (2011)
Moore (2013)
Midwest (2021)	Prevatt et al. (2012a), (b); Roueche and Prevatt (2013)
LaFave et al. (2014)
Pilkington et al. (2021)
	Hurricane	Katrina (2005)
Irma (2017)
Ian (2022)
Helene (2024)	Robertson et al. (2007); Franco et al. (2010)
Cox et al. (2019); Tomiczek et al. (2020)
Cortes et al. (2022); Prevatt et al. (2022); FEMA (2023)
Kyprioti et al. (2024); Alam et al. (2025)


Despite advances made, data collection efforts remain fragmented across hazard types and infrastructure systems due to varying objectives, methodologies, protocols, and standards among investigators and organizations, limiting cross-event and cross-hazard analysis and comparisons. It is further compounded by the fact that raw field data often exist in cumbersome forms–such as paper notes, unstructured photographic datasets, and materials that lack appropriate metadata or geospatial context. As reconnaissance teams are often assembled on an ad hoc basis for each disaster response, standardization of data collection methodologies and data products across different hazard events has been challenging, hindering inter-event analyses (Roueche et al., 2023). As a result, barriers to diverse reuse and knowledge discovery remain, limiting the potential for fully understanding the interactions among hazards, infrastructure, and community resilience across multiple disaster events.
The Structural Extreme Events Reconnaissance (StEER) network was formed in 2018 (Kijewski-Correa et al., 2021) to address these issues and work toward more coordinated and standardized data collection for structural performance assessments under wind, seismic, and coastal hazards. StEER operates within the broader NHERI CONVERGE node (Peek et al., 2020), collaborating with other extreme events research and reconnaissance networks funded by the National Science Foundation. The organization uses Virtual Assessment Structural Teams (VASTs) to gather and contextualize publicly available data, news reports, and social media after major disasters to guide its subsequent field data collection efforts (Level 1 response). Field Assessment Structural Teams (FASTs) then deploy to quickly document the extent of damage over larger geospatial areas using surface-level panoramic (SLP) cameras mounted on vehicles or windshield surveys (Level 2 response). These efforts then direct the efforts of subsequent FASTs visiting target structures to conduct in-depth performance assessments (Level 3 response). StEER leveraged its partnership with Spatial Networks, Inc. to implement these performance assessment protocols in their Fulcrum platform. StEER’s initial approach was to digitize the assessment guidelines that had been, to date, established within the natural hazards engineering community (e.g., ATC 20 1989; ATC 45 2004), resulting in the development of a family of hazard- and structural typology-specific mobile apps. While this approach importantly streamlined data acquisition, promoted open data reuse, and moved away from data collection on paper forms, it resulted in multiple mobile apps. Slight variations in the assessment methodology and recorded fields across these established assessment tools, and thereby the apps emulating them, eventually presented obstacles to managing the network’s growing collection of data and its use for holistic knowledge discovery across different hazards and events. Moreover, while the data collected in each hazard-specific app is extensive, it still does not encompass the full range of factors likely to influence the structural performance, particularly for multi-hazards or for cascading hazards events (e.g., tsunami following earthquake, hurricane winds and surge, etc.). The fragmentation of data across a family of apps with variations in the recorded data fields ultimately impedes efforts to create a comprehensive understanding of built environment performance across different building typologies and hazards. In short, while StEER had greatly advanced swift collection of standardized structural assessments after hazard events, its apps still embodied the fragmentation of the community’s assessment methods, limiting the ability to then swiftly draw consistent and meaningful conclusions about how structures respond to diverse (and potentially multi-hazards cascading and compounding) hazard scenarios.
To address these limitations, this study draws upon the diverse literature on post-disaster structural assessments across multiple hazards to develop a unified tiered structural assessment framework. This framework encompasses requisite hazard, site, structural, and performance assessment data and metadata across different hazards (earthquake, windstorm, coastal) and structure classes. The proposed framework consists of three tiers of performance assessments with increasing rigor and fidelity: basic assessment (BA), load path assessment (LPA), and detailed component assessment (DCA). The framework is implemented as a single, user-friendly open-access mobile application “StEER Unified App” on the Fulcrum platform, facilitating efficient, community-led collection of consistent, high-quality standardized reconnaissance data. The data currently fragmented across StEER’s app collection was then mapped to the fields of the new unified app, consolidating all past StEER assessment data into a single backend database to promote diverse reuse and greater knowledge discovery.
This paper is organized into six sections, beginning with this introductory section (Section 1), which discusses the fragmentation of post-disaster data collection efforts across various hazards and infrastructure typologies, highlighting how these fragmented efforts hinder diverse data reuse, knowledge discovery, and the ability to fully understand the interactions between hazards, infrastructure, and community resilience across multiple disaster events. The section then emphasizes the need for developing a unified assessment framework to overcome these barriers and facilitate comprehensive hazard-agnostic assessments. Section 2 provides a detailed literature review of existing post-disaster structural assessment framework and methodologies and how this review informs the development of the unified assessment framework presented in Section 3. Section 4 outlines the implementation of the framework in a mobile application, named StEER Unified App, detailing the app’s key features and unification of different assessment attributes across hazards. Section 5 presents two use cases to demonstrate the application of the proposed unified assessment framework via the StEER Unified App: a supervised pilot during 2022 Hurricane Ian, Florida and an unsupervised deployment for the 2023 Turkey earthquake sequence and potential learning from those use cases. Finally, Section 6 presents conclusions and recommendations for future improvements.
2 EXISTING POST-DISASTER STRUCTURAL ASSESSMENTS
Various organizations, including the Earthquake Engineering Research Institute (EERI) Learning from Earthquake (LFE) program, the Army Corps of Engineers (USACE), the National Institute of Standards and Technology (NIST), and the Federal Emergency Management Agency (FEMA) have spearheaded investigations of major earthquakes, tornadoes, and hurricanes in the US. Several field investigation guidance and protocols have emerged from these institutional efforts: (i) for earthquake hazards: ATC 20 (1989); JBDPA (1991); EERI LFE (1996); FEMA 306 (1998); Hughes and Lubkowski (1999); FEMA 352 (2000); CUREE (2010); NZMBIE (2014b); BCH (2019), FEMA (2020) (ii) for wind hazards: ATC 45 (2004); BCH (2019); FEMA (2000); FEMA (2020); and (iii) for coastal hazards: ATC 45 (2004); USACE (2006); NZMBIE (2014a); BCH (2019); FEMA (2020). In parallel, individual research teams have similarly worked to advance field investigations (e.g., for earthquake hazards: Kaminosono et al. (2002); Baggio et al. (2007); Anagnostopoulos and Moretti (2008); Maeda and Matsukawa (2019); Uroš et al. (2020); for wind hazards; Roueche and Prevatt (2013); LaFave et al. (2014); Egnew et al. (2018); and for coastal hazards; Friedland (2009); Franco et al. (2010); Kennedy et al. (2011); Xian et al. (2015); Hatzikyriakou et al. (2016); Tomiczek et al. (2017). These guidelines vary in terms of assessment objectives (e.g., safety, usability, damage, repair, retrofit, etc.), assessment fidelity level (e.g., rapid assessment, detailed assessment, engineering assessment, etc.), and building typologies (wood, reinforced concrete, steel, masonry, etc.) for different hazards, as illustrated in Figure 1.
[image: ]FIGURE 1 | Mapping of assessment fidelity, assessment objectives, and building typology in existing post-disaster reconnaissance standards for earthquake, windstorm, and coastal hazards.Notable among these are the Applied Technology Council’s (ATC) Procedures for Post-earthquake Safety Evaluation of Buildings (ATC 20 1989; ATC 20-2 1995; ATC 20-3 1996), which offer guidelines for post-earthquake safety inspections. The first of these guidelines, ATC 20 (1989), serves as a field guide offering clear, structured procedures and forms for inspection and has become a widely adopted standard for post-earthquake field investigation globally. The guideline outlines a three-level assessment methodology with increasing rigor and fidelity, namely, (i) rapid assessment: typically completed in under 30 min, focusing primarily on the global performance assessed through inspection of exterior of the building, though interior inspections are recommended for certain special cases; (ii) detailed assessment: conducted after a rapid evaluation, this thorough assessment takes several hours and involves a detailed examination of both the interior and exterior with a focus on load path elements; and (iii) engineering assessment: recommended when visual and detailed assessments of load path elements are insufficient to confidently determine the extent of damage; this assessment is performed by licensed structural engineers and may take up to a week or more. The guideline was developed to address the inconsistencies and subjectivity often seen in field evaluations before any formal standard was established. Following ATC20 (1989), similar standards were developed in other countries including Japan (JBDPA, 1991), Canada (BCH, 2019), New Zealand (NZMBIE 2014b; b), and Europe (Baggio et al., 2007). Like ATC 20 (1989), the ATC 45 (2004) field manual was developed to provide comprehensive guidelines for assessing building safety after windstorms and floods, with the goal of determining whether buildings are safe for occupancy or if entry should be restricted or prohibited. The guidelines follow a similar three-level assessment methodology, including rapid, detailed, and engineering evaluations. While the rapid assessment procedures are the same for both wind- and flood-related damage, the detailed assessment requires specific procedures tailored to each hazard type.
The field data gathered varies depending on the assessment objectives and level of fidelity. For example, in Rapid Assessments, data collected typically includes general building damage (e.g., collapsed/moved structures, significant leaning, damage to primary structural elements), geotechnical hazards (e.g., foundation scour, erosion, slope failure), and nonstructural damage and falling hazards (e.g., submerged ME&P system during flooding, chimney, parapet, or other falling hazards). Building performance is then rated on a global damage scale based on visual observations of structural and nonstructural damage and repair costs. Damage scales used to assess overall performance can vary, such as, qualitative scales: a four-point scale: none, slight, moderate to heavy, severe to total (Anagnostopoulos and Moretti, 2008), six-point scale: none, slight, moderate, severe, total, collapse (EERI LFE, 1996), and quantitative scales: five point-scale: none to 100% damage (NZMBIE 2014b; b), seven-point scale: no damage to 100% damage, excluding contents (ATC 20, 1989; ATC 45, 2004).
In Detailed Assessments, damage to structural components along the vertical and lateral-load carrying systems (columns, walls, roof framing, roof-to-wall connection, superstructure-to-foundation connection, vertical and horizontal bracing, etc.), nonstructural components (e.g., cladding, glazing, ceilings, and MEP systems), and geotechnical hazards (e.g., foundation issues, erosion, slope failures) are evaluated using visual inspection, measurements, and photographs. This process typically involves identifying damage mechanisms (e.g., shear, flexure, axial, sliding, overturning), damage location, damage severity, damage extent, and component behavior (ductile vs brittle) (e.g., EERI LFE, 1996; FEMA 352, 2000; CUREE, 2010; Vickery et al., 2006; Friedland, 2009; Tomiczek et al., 2017; FEMA 2022a). For earthquake assessments, damage severity of components is described both qualitatively and quantitatively, e.g., assessment of concrete structures may consider crack width, crack orientation, spalling, crushing, rebar buckling, as well as measurements of residual drift and ground movement. Component damage severity classifications include a three-point scale: slight, medium to severe, very heavy damage (Baggio et al., 2007), four-point scale: none, slight, moderate to heavy, severe to total (Anagnostopoulos and Moretti, 2008; Uroš et al., 2020), which are adapted and based on a slight variation of the European Macroseismic Scale (EMS-98) (Grünthal, 1998), and a five-point scale: I to V (Maeda and Matsukawa, 2019). For windstorms, damage severity is defined based on building envelope performance, i.e., the percent of building envelope (roof and wall subassemblies) removed or failed during a windstorm (Vickery et al., 2006; FEMA 2022a). For coastal hazards due to hurricanes, damage severity considers both building envelope damage and damage to the structural frame, foundation, and appurtenances due to wind, surge, wave, erosion and scour, and debris impacts using a seven-point scale (none, minor, moderate, severe, very severe, partial collapse, and collapse: Friedland, 2009; DS0 to DS6; Tomiczek et al., 2017).
Some detailed assessments also document the distribution and extent of damage by computing damage extent indicators like the damage index (FEMA 352, 2000), residual seismic capacity ratio (Maeda and Matsukawa, 2019), or percentage/number of elements at specific damage levels (Anagnostopoulos and Moretti, 2008; Uroš et al., 2020). These damage extent indicators may involve, Level-I detailed assessment, inspecting critical structural components and fracture-susceptible connections of some or all of the moment-frame connections within a story or Level-II detailed assessment, inspecting all fracture-susceptible connections in the building if multiple connection fractures and other component damage were observed in the Level-I detailed assessment (FEMA 352, 2000). In other cases, damage extent is evaluated by inspecting lateral frame elements of critical stories (Anagnostopoulos and Moretti, 2008; Uroš et al., 2020). For earthquakes, the component-level damage severity and extent results are then mapped to define system-level damage states using residual seismic capacity ratio, which accounts for damage to all structural members in a frame (Maeda and Matsukawa, 2019) or building safety classes (Anagnostopoulos and Moretti, 2008), or usability categories (Baggio et al., 2007; Uroš et al., 2020). For wind and coastal hazards, this component to system-level damage assignment considers the most severe damage state experienced by specific structural components (Vickery et al., 2006; Tomiczek et al., 2017).
In Engineering Assessments, building damage is assessed using visual inspection, investigative testing (e.g., nondestructive or intrusive), review of building drawings and design documents, and classification of component damage according to deformation modes and damage severity. These evaluations determine the impact of damage on the building’s future performance through hand calculations or numerical simulations of the affected component’s force-deformation response. Overall building performance may be linked to specific performance objectives: e.g., immediate occupancy, life safety, collapse prevention (FEMA 306 1998).
As discussed above and illustrated in Figure 1, while clustering of assessment methodologies across hazards is evident based on assessment objectives, fidelity levels, and structural classes, notable similarities exist among these methodologies and the types of data collected—making them largely hazard-agnostic. For instance, in Rapid Assessments, it is standard practice to collect basic data on site conditions, infrastructure materials, construction year, geometry, configuration, occupancy, and other metadata to correlate structural performance with site-specific hazards. These assessments evaluate the global performance of a structure primarily through external observations of key performance indicators, such as collapse or partial collapse of the structure, racking damage to primary lateral force-resisting systems, potential falling hazards, foundation failure, and site-specific geotechnical hazards. Similarly, Detailed Assessments focus on gathering data related to load path elements (e.g., foundation, columns, walls, beams, beam-column connections, wall-to-roof connections, and roofing systems) and documenting observed damage, though, the level of detail may vary depending on the hazard type—such as focusing on lateral frames for earthquakes versus building envelopes for wind events. Furthermore, if the assessment objective extends beyond evaluating damage and loss to assessing the structure’s functionality, the collected data—such as building safety, access to stories, tenant safety, and operational status (FEMA 2021)—remains relevant across different hazards, underscoring the hazard-agnostic nature of such assessments.
Recently, FEMA (2020) developed a Preliminary Damage Assessment (PDA) guide to establish a standardized national framework for state, local, tribal, and territorial (SLTT) government officials and FEMA personnel. The guide aims to support the consistent, efficient, and accurate collection, validation, quantification, and documentation of damages through a uniform PDA process, ultimately aiding in requests for federal assistance through a Presidential Disaster Declaration (PDD). The PDA methodology is adaptable to different hazards, utilizing a variety of techniques including self-reporting, door-to-door assessments, windshield surveys, geospatial analysis, remote sensing, and modeling. This marks a significant shift toward a standardized, hazard-agnostic approach to damage assessment unlike those hazard specific guidelines of ATC 20 (1989) and ACT 45 (2004). However, the PDA methodology focuses solely on preliminary damage assessments over large geographic areas, aiming to identify damage gradients and support decisions regarding federal disaster aid. It does not encompass multi-tiered assessment processes needed for deeper insights, such as correlating infrastructure performance to site-specific hazards, or understanding the complex interactions of factors affecting structural performance under multi-hazard scenarios and thus developing targeted response, recovery, and mitigation measures. Recognizing the need for a holistic, hazard-agnostic, and tiered structural performance assessment methodology, the similarities across existing assessment frameworks and data collection practices are systematically reviewed, documented, and finalized through a consensus-based approach within StEER leadership. Additionally, expert input from multiple hazard disciplines, gathered during the 2018 StEER Cross-Hazard Workshop at the University of California, Berkeley, was instrumental in identifying synergies in structural assessment data for various hazards and structural types, particularly in multi-hazard and cascading hazard contexts. All these efforts helped shape the development of the Unified Assessment Framework, which is discussed in detail in the following section.
3 OVERVIEW OF STEER’S UNIFIED ASSESSMENT FRAMEWORK
Over time, StEER operationalized a number of the existing assessment protocols into its mobile app suite in Fulcrum, generally in response to the sequencing of hazard events. For instance, the first app focused on wind damage to buildings in the US in response to 2017 Hurricane Harvey, adopting HAZUS-style assessments for wood frame residential construction (Vickery et al., 2006), which was quickly followed by a second app after 2017 Hurricane Maria to accommodate concrete and masonry residential construction common to Puerto Rico. The family of apps continued to grow in response to new use cases for unique construction styles and even languages, e.g., English/Creole apps to assess formal and informal construction in Haiti after the 2021 earthquake (Kijewski-Correa et al., 2024). As the prior section illustrates, StEER’s experience was not unique; the diversity of real-world performance assessment needs has driven a diversity of assessment protocols and tools in the literature, much like the diversity of custom apps that eventually unfolded in StEER’s Fulcrum library. Realizing this approach was both unsustainable and counterproductive to standardizing the assessment process across hazards and structure classes, StEER embarked upon a year-long effort to consolidate its diverse assessment protocols (and Fulcrum Apps) into a single framework.
Figure 2 provides an overview of this Unified Assessment Framework, which comprises three data classes: (1) Unified Assessment, (2) Hazard Survey, and (3) Performance Assessment Survey. These data classes help to organize the framework’s data structure by bundling collected data with similar attributes associated with the survey parameters, observed hazards, and the assessed structures, respectively. Within each data class, data subclasses are defined to further structure the data for improved backend data storage, sorting, discovery, and unification. In the current framework, data fields describe attributes of surveys, hazards, and structures that are stored within these data subclasses. The data fields can be of various types, including single- or multiple-choice lists, text or numeric input, and media (photo, video, and audio) attachments. Efforts have been made to unify attributes across the three hazard types (earthquake, wind, coastal).
[image: ]FIGURE 2 | Overview of the Unified Assessment Framework illustrating the primary data classes and degree of unification across different hazard types.3.1 Unified assessment attributes
In this data class (see Figure 2 inset 1), a generalized data model is developed to organize a comprehensive set of attributes needed for assessments of all possible hazards (earthquake, windstorm, coastal) and structural classes (e.g., buildings, bridges, power infrastructure) so as to call up and populate the necessary sequences of fields for subsequent data classes. The attributes are categorized into several data subclasses: Application Selection, General information and Metadata, and Supplemental Media. Table 2 provides a high-level summary of attributes associated with each subclass. The Application Selection subclass encompasses data fields that describe the survey type (hazard survey, infrastructure performance assessment survey), primary and cascading hazard categories, facility category, performance assessment fidelity category, and inspection type (structural, nonstructural, both). These attributes are defined as single-choice selections from a list of data fields. The General information and Metadata subclass contains information related to the inspection, such as the inspector’s name, affiliation, facility address, sampling method used in facility selection, and the area and elevation being assessed. The Supplementary Media subclass includes site photos, videos, and audio gathered by the investigator, as well as asset maps developed by the supporting team to aid in the field investigation. It also incorporates street view and aerial imagery gathered from secondary sources to facilitate the field investigation team’s survey efforts. Within the Unified Assessment data class, unification of attributes is achieved at the data class and subclass hierarchy level across hazards (see Table 2).
TABLE 2 | Summary of data subclasses under Unified Assessment data class and associated unification across hazards.	Data subclass	Earthquake	Wind	Coastal
	App Selection
• Survey category
• Primary hazard category
• Cascading hazard category
• Performance Assessment category
• Facility category
• Inspection type	x
	General Information
• Inspection metadata
• Sampling method
• Area assessed
• Elevation assessed	x
	Supplementary Media
• Site media
• Secondary media	x


“x” indicates unification of data subclasses achieved across hazards.
3.2 Hazard survey attributes
In the Hazard Survey data class (see Figure 2 inset 2), both qualitative and quantitative data is gathered to estimate the hazard intensity at the site being assessed. This data class includes three distinct subclasses: Earthquake Hazard Survey, Wind Hazard Survey, and Coastal Hazard Survey. Table 3 provides a high-level summary of attributes associated with each hazard survey subclass. The Earthquake Hazard Survey subclass encompasses data fields on general earthquake information (e.g., date and time, moment magnitude, location, etc.), specific intensity information (e.g., ShakeMap shaking estimate, site peak ground acceleration, site-to-epicenter distance, etc.), ground motion recording information, and primary and secondary effects observed at the site. In the Wind Hazard Survey subclass, wind hazard intensity indicators such as downed trees, towers, and signposts are used as surrogates to gauge wind hazard intensity in the field. Data collected includes the indicators’ geometry, material properties, damage patterns, and damage distribution. The Coastal Hazard Survey subclass focuses on gathering surge and wave characteristics, such as maximum flow depth, maximum flow velocity, and wave height and period, through various measurement methods, including photo and video evidence, field measurements, post-event modeling, flow surrogate geometry, observed damage, and material properties. In the Hazard Survey data class, unification of attributes is achieved only at the individual hazard survey subclass level, as attributes are unique to each specific hazard (see Table 3).
TABLE 3 | Summary of data subclasses under Hazard Survey data class and associated unification at individual hazard level.	Data subclass	Earthquake	Wind	Coastal
	Earthquake Hazard Information
• General earthquake information
• Shaking information
• Ground motion recording
• Primary and secondary hazard at site	x	—	—
	Wind Hazard Information
• Wind hazard indicators
• Wind hazard indicator information	—	x	—
	Coastal Hazard Information
• Flow intensity measure
• Maximum flow depth
• Maximum flow velocity
• Waves information	—	—	x


“x” indicates unification of data subclasses achieved across hazards.
3.3 Performance assessment survey attributes
In the Performance Assessment Survey data class (see Figure 2 inset 3), information related to the facility and its observed performance and functionality is gathered under three data subclasses: Facility Information, Performance Information, and Functionality Information. Table 4 provides high-level summary of attributes associated with each subclass and unification of those attributes across hazards. Facility Information data is further categorized into site characteristics, facility basic metadata, structural information, and nonstructural information. Site characteristics attributes include site location on slope or beachfront, site soil classification, flood zoning, and terrain classification. These characteristics encompass the range of site conditions potentially affecting structural performance under different hazard conditions, e.g., beachfront properties and properties on slope are vulnerable to earthquakes and in the event of cascading earthquake-tsunami events (Suppasri et al., 2013; Alam, 2024), whereas terrain characteristics influence the structural windstorm performance (Kopp and Fewless, 2014). Facility material, geometry and configuration, construction year, and other relevant metadata known to affect performance under different hazards are collected under Facility Basic Metadata. For buildings, the framework compiles metadata such as the number of stories above and below grade, elevation of the lowest story, mean roof height, vertical (elevation) and horizontal (plan) irregularity, occupancy category, retrofit details, and instrumentation information. Structural information data entails collecting structural systems and components information along the structural load path from foundation to the superstructure. For buildings, this includes structural system classification, structural component information including foundation details, wall subassemblies (framing, anchorage, substrate), fenestration, roof-to-wall attachments, roof subassemblies (framing, cover, secondary water barrier, substrate), soffits, etc. For buildings, the structural systems included in the current implementation of the framework are based on the FEMA-310 classification (FEMA 310 1998). This classification represents the structural systems prevalent in the US and is adopted in all HAZUS regional loss modeling methodologies for earthquakes, tsunamis, and hurricanes (FEMA, 2024; FEMA 2022b; FEMA 2022a). Nonstructural information encompasses mechanical, electrical and plumbing (ME&P), interior partitions, and contents.
TABLE 4 | Summary of data subclasses under Performance Assessment Survey data class and associated unification across hazards.	Data subclass	Earthquake	Wind	Coastal
	Facility information
• Site characteristics
• Facility geometry and other metadata
• Structural attributes
• Nonstructural attributes	x
	Performance information
• Structural performance
• Nonstructural performance	x
	Functionality information
• Functionality state	x


The Performance Information subclass records observed infrastructure performance indicators (e.g., damage, loss, downtime, etc.). The level of detailed performance data gathered depends on the infrastructure performance assessment fidelity level. Currently, StEER’s field investigation protocols support three increasingly rigorous performance assessments, namely, Basic Assessment (BA), Load Path Assessment (LPA), and Detailed Component Assessment (DCA). Figure 3 depicts the purpose, tradeoffs, use case, and the type of data collected for each of the performance assessment fidelity levels. Note from Figure 3 that the assessments build on one another, e.g., Detailed Component Assessment includes all the fields of the LPA and BA, plus additional fields unique to the DCA.
[image: ]FIGURE 3 | StEER’s increasingly rigorous performance assessment levels: Basic Assessment (BA), Load Path Assessment (LPA), and Detailed Component Assessment (DCA) with summary of purpose, collected data, trade-offs, and use cases.Finally, Functionality State subclass documents the functional recovery state of the structure being assessed. In the current implementation of the framework, the functional recovery state of the building is assessed based on the building safety, story access, tenant safety, and tenant function following the functional recovery methodology outlined in FEMA (2021). Within the Performance Assessment Survey data class, unification of attributes is achieved at the data field level only in a few instances (see Tables 5, 6), with unification across two hazards being more common. Moreover, although not shown herein for brevity, unification of attributes also depends on the performance assessment fidelity level.
TABLE 5 | Example unification of site characteristics attributes across hazards.	Data fields	Earthquake	Windstorm	Coastal
	Site on slope?	x	—	x
	Site on beachfront?	x	—	x
	Site soil class	x	—	—
	Site flood zone	—	—	x
	Wind exposure category	—	x	—


TABLE 6 | Example unification of facility basic metadata attributes across hazards.	Data fields	Earthquake	Windstorm	Coastal
	Facility material	x
	Construction year	x
	Number of units	x
	Typical story height	x
	Elevation of the lowest floor	x	—	x
	Roof shape	—	x	—
	Roof slope	—	x	—


In summary, the unified framework adopts a modular design, enabling the collection of hazard-specific observations within a common data architecture. Each hazard type—such as earthquake or windstorm—is supported by tailored data entry fields that align with the physical manifestations and structural consequences unique to that hazard. This design ensures that key performance indicators—such as shear cracking and pounding for earthquakes; roof uplift and cladding loss for windstorms; and inundation depth, scouring, or waterborne debris impacts for tsunamis—are accurately documented. This simplifies the number of apps and databases that must be maintained by organizations like StEER who respond to different hazard classes. As these hazards can occur in a cascading or compound sequence (e.g., tsunami following earthquake, hurricane surge and wave accompanying wind and rain) this avoids users from having to engage multiple hazard-specific apps to document each of these effects on a site. In short, the harmonized data structure of the unified assessment framework is designed to facilitate cross-event and even cross-hazard analysis while preserving the fidelity of hazard-specific insights.
4 APP IMPLEMENTATION
The Unified Assessment Framework was implemented as a mobile application within the Fulcrum platform, which StEER has used for its Field Assessment Structural Teams (FASTs) since 2017. In addition to being free of charge for humanitarian groups at the time, Fulcrum was selected for its robust offline functionality and flexible cloud syncing, which are critical features in post-disaster environments with limited or intermittent connectivity. Once installed on a mobile device, the app enables surveyors to collect and store observations entirely offline. In the event of complete internet disruption—common after disasters—data is saved locally and automatically synced to the cloud when connectivity is restored. This ensures uninterrupted data collection and reduces the risk of information loss during time-sensitive field operations. In addition to offline capability, and its robust integration with the EsRI suite of services, Fulcrum supports user-level access controls, encrypted data storage, and multiple export formats. These features enhance data security, promote cross-platform compatibility, and support compliance with data protection standards and are downloadable for iOS and Android from all commercial app stores, making the platform well-suited for coordinated, volunteer post-disaster reconnaissance efforts.
Figure 4 illustrates the data flow through the Fulcrum app named as the StEER Unified App, designed to be used by FASTs for all future event responses, regardless of the hazard or structure type. The app features nested menus that intelligently display relevant sections and data fields based on the hazard type, assessment class, and infrastructure type under investigation. Information provided in earlier sections of the app will dictate the fields presented to the user in later sections, taking advantage of Fulcrum’s embedded logic with conditional if-else statements and logical AND/OR operators. To prepare FAST members for effective use of the app, a comprehensive set of training resources was developed, including a detailed handbook, quick reference sheet (QRS), and instructional videos. These materials were integrated into the pre-deployment briefing—a guidance document containing all relevant information on resources and planning to support FAST operations during active missions. These resources are also publicly available at https://www.steer.network/resources.
[image: ]FIGURE 4 | Flowchart of the StEER Unified App operationalizing the Unified Assessment Framework in Fulcrum.As illustrated by Figure 4, the app consists of six major sections: App Selection, General Information, Supplemental Media, Survey Classes, and Record Update Tracking. The data subclasses and data fields in each section closely follow those described in Section 3, with the addition of the Record Update Tracking section. This backend feature is not available to field teams and is intended to document the data enrichment and quality control (DEQC) processes engaged by virtual data librarians once field data gathering is complete. Table 7 provides a brief overview of the purpose and type of data collected in each section of the app. In the current version of the app, only Basic Assessment (BA) is available to the users. Work is underway to synthesize and unify relevant fields for two additional assessment levels: LPA and DCA. A complete list of all app fields under each section, along with logic implemented to organize and display relevant sections and fields, is provided in Supplementary File S1. Unified App: Master Data Sheet.
TABLE 7 | Summary of the purpose and types of data collected in different sections of the app.	1.0	App selection	Desired survey and assessment type, based on hazard and structure.
	2.0	General Information	Survey parameters, spatial data.
	3.0	Supplemental Media	Media on structure, site.
	4.0	Survey Classes	(adapts based on choices in App Selection)
		4a. Hazard Survey	Select to document evidence of hazard intensity.
	 4a.1 Earthquake Hazard Information	Earthquake source mechanism (magnitude, depth, location), recorded and qualitative shaking information at the site, and other secondary effects.
	 4a.2 Windstorm Hazard Information	Windstorm metadata, hazard intensity indicators including trees, towers, signposts metadata and damage observations.
	 4a.3 Coastal Hazard Information	Flow condition measurement at site including high water mark (HWM), runup, flow velocity, wave condition.
		4b. Performance Assessment Survey	Select to document evidence of hazard impacts to built environment.
	 4b.1 Facility Information	Basic structure information, typology.
	 4b.2 Performance Information	(adapts based on choices in App Selection)
	  Basic Assessment (BA)	Photo documentation, overall conditions, global performance rating.
	  Load Path Assessment (LPA)	Documentation and evaluation of critical load path elements.
	  Direct Component
Assessment (DCA)	Detailed component information, dimensional data, specifications.
	 4b.3 Functionality Information	Documents functional recovery/recovery state.
	5.0	Record Update Tracking	Notes on quality control, record updating. This is a backend section, not available to the field team.


Note, while the unified framework has been primarily developed to support coordinated field data collection within the StEER network, it is deliberately designed to be openly accessible and highly adaptable, aiming to facilitate consistent, high-quality data collection across a broad spectrum of users, from individual researchers to multidisciplinary response teams. The framework is readily available to academic, governmental, and professional organizations interested in adopting or customizing it to meet their specific post-disaster assessment needs; its implementation in Fulcrum is available through StEER’s account which all members can access. Users can further tailor the framework—such as modifying forms to reflect local construction practices, hazard types, or regulatory requirements—by adapting the data fields in Supplementary File S1. Unified App: Master Data Sheet within the platform of their choice or working with a cloned version of the StEER Fulcrum App.
4.1 Special fields: required fields
The data fields in the app are primarily classified into three categories: Required Field (RF), Field Priority (FP), and media attachments. RFs, marked with red asterisks ([image: FX 1]), must be completed by field investigators as their responses trigger conditional logic in the app, instructing the display of subsequent sections, data subclasses, and associated fields throughout the app. Refer to the Supplementary File S2. Unified App: Required Fields for a complete list of required fields associated with different sections of the app. The color-coded data subclasses in Figure 4 illustrate the high-level dependencies between different sections and data subclasses in the app. These dependencies are coded as conditional logic using the RF responses in App Selection and other sections of the app. See the Supplementary File S1. Master Data Sheet for a complete list of all dependencies.
One of the key RFs in the app is the Sampling Method under the General Information section. Currently, StEER employs six sampling methods for selecting buildings and other infrastructure for assessment in the field. These sampling methods include: (i) statistical sampling where every Nth building in a cluster or along a route is assessed; (ii) critical case sampling selects buildings that meet specific criteria, e.g., instrumented or has targeted performance characteristics; (iii) cluster-based sampling where buildings within a defined radius of point are sampled, e.g., within X meters of a ground motion station; (iv) transect-based sampling that involves sampling buildings along a path that moves across the hazard intensity gradient; (v) quota-based sampling that involves sampling buildings to achieve a representative sample based on characteristics of underlying building inventory; and (vi) opportunistic sampling, which involves assessment of structure not included in initial sampling strategy, based upon unique features or performance observed in the field. The recommended sampling method(s) are communicated to the field team through the Field Assessment Structural Team (FAST) Pre-Deployment Briefing.
4.2 Special fields: field priorities
Given the comprehensive and rigorous nature of the unified assessment, it is not efficient or feasible for field investigators to complete every data field on-site. Therefore, the app prioritizes (i) capturing clear photographs of the site and structure from multiple perspectives, (ii) accurately geolocating the assessment, and (iii) populating the field priority (FP) fields. FP fields gather information that is typically discernible only through on-site forensic investigations and may otherwise be impossible for a virtual investigator to gather later. FP data fields are marked as “(Field Priority)” in the app. Refer to the Supplementary File S3. Unified App: Field Priority Fields for a complete list of FPs associated with different sections of the app. The majority of the RFs and FPs are single- or multi-choice lists, or text/numeric input fields. Additionally, field investigators are encouraged to note any unusual or unique characteristics of the hazard and structures that might affect their performance under a given hazard, capturing these observations through available free-form notes fields, additional photographs, and sketches. Extra guidance is provided throughout the app using descriptive field titles and text labels for any data fields that are not self-explanatory, helping to clarify the intended purpose of the questions. Figure 5 shows mobile app screenshots highlighting these and other features of the app.
[image: ]FIGURE 5 | Snapshots in iOS highlighting key features of the StEER Unified App (A) Required Fields (RF) marked with red asterisks ([image: FX 1]) dictates app logic, displaying relevant sections, data subclasses, and fields for hazard- or performance-specific assessments, along with associated choice lists; (B) visual evidence collection using geotagged photos taken with the phone camera, with guidance provided via the information button (i); (C) Field Priority (FP) fields labeled as “Field Priority” and associated single-select responses (“Yes/No/Unknown”); and (D) descriptive guidance for capturing visual evidence of structural performance, including both overview and close-up geotagged photos, numeric input fields, and free-form notes for documenting unique hazard characteristics and structural performance.4.3 Special fields: media
The app heavily relies on visual evidence to document site conditions (under the 2. Supplemental Media Attachment section) and infrastructure performance (under the 4b.2 Performance Information subsection). For documenting site conditions surrounding the structure/site under investigation, field investigators are required to take photos in counterclockwise sequence (1: front, 2: right side, 3: back, and 4: left side) facing away from the structure being investigated. Using the counterclockwise sequence protocol while taking photos ensures documentation consistency, aids in the DEQC process, and aids with detailed numerical modeling at later stages. In the Performance Information subsection, irrespective of the assessment fidelity levels, i.e., BA, LPA, or DCA, visual evidence of structural and nonstructural damage is gathered through (i) overview photos - where photos of each accessible face of the structure are taken in counter clockwise direction from a distance sufficient to capture the full elevation; and (ii) detail photos - where close-up photos of component damage (e.g., damage to columns, beams, walls, connections) are documented. Field investigators are advised to avoid taking highly zoomed-in pictures that hinder identification of the location of the damage with respect to overall geometry of the structure or component. Additionally, the app includes options for audio dictations and video recordings or free-form note fields to document additional context or observations as needed. To ensure a standardized visual record of the site and structure context, a counterclockwise photo sequence is recommended: (1) front, (2) right, (3) back, (4) left. However, it is recognized that full coverage may not always be feasible due to site constraints, e.g., attached buildings or due to site debris. In such cases, investigators are encouraged to capture as many views as possible (ideally with compass orientation embedded in the photo metadata) and to document inaccessible sides using metadata fields or field notes. This flexible approach ensures adaptability to real-world conditions without compromising the value of a consistent visual record.
In App Selection, users can designate both the primary hazard, and any cascading hazards observed on site, which triggers the app’s logic to present fields relevant to both the primary and cascading hazards in subsequent sections and subsections. For example, in a multi-hazard scenario involving a tsunami following an earthquake, selecting Earthquake as the primary hazard and Tsunami as the cascading hazard prompts the app to display facility descriptions relevant to both hazards (e.g., vertical and horizontal irregularity relevant to earthquake damage, and elevation of the lowest horizontal structural member relevant to tsunami exposure) under Subsection 4b.1: Facility Information. Similarly, under Subsection 4b.2: Performance Information, the data fields are designed to support both hazard-specific and multi-hazard performance indicators (e.g., soft-story collapse for earthquakes vs debris impact, breakaway wall performance, and floor slab uplift for tsunamis). Users can attribute damage observations to specific hazards by selecting from a predefined list, pairing these observations with geotagged and labeled photos and supplementing them with descriptive notes to provide spatial and contextual clarity. In another scenario, during a coastal hurricane event, users can distinguish between surge and wave damage to lower stories and wind or rain effects on upper stories—capturing the location-specific impacts of multiple hazards within a single structure. Figures MH.1 and MH.2 in Supplementary File S4: Unified App: Multi-Hazard Fields showcase screenshots highlighting the multi-hazard (e.g., cascading or/and compounding) documentation capabilities of the StEER Unified App.
4.4 Unified damage rating scale
As discussed in Section 2, numerous qualitative and quantitative damage scales exist, both within individual hazard domains and across different hazards (e.g., Vickery et al., 2006; Baggio et al., 2007; Anagnostopoulos and Moretti, 2008; Friedland, 2009; Tomiczek et al., 2017; Uroš et al., 2020), creating significant challenges for consistent damage assessment. StEER, similar to its hazard-specific mobile apps, has utilized various damage rating scales: (i) for earthquakes–a five-point scale (none, minor, moderate, severe, collapse) by Baggio et al. (2007), (ii) for windstorm: a five-point scale (none, minor, moderate, severe, destroyed) by Vickery et al. (2006), and (iii) for coastal hazard: a seven-point scale (none/very minor, minor, moderate, severe, very severe, partial collapse, collapse) by Friedland and Levitan (2011). The integration of standardized and consistent field damage assessments significantly enhances the accuracy of damage estimates derived from engineering predictions or remote sensing driven proxies, which play a critical role in informing response and recovery decisions, better situational awareness, reoccupation decisions, and the allocation of recovery funding (Loos et al., 2022). In recent years, the earthquake engineering community has made significant strides in developing an International Macroseismic Intensity (IMS) scale, inspired by the EMS-98 scale (Grünthal, 1998), for global adoption (Wald et al., 2024). This scale, which is parameterized by building vulnerability and damage grades, serves as a crucial proxy for instrumented seismic intensity measures. The building vulnerability metrics can be adapted to regional or country-specific building typologies, such as those developed for the U.S. (Hortacsu et al., 2024) and New Zealand (Charleson et al., 2024). Given that instrumented hazard intensity measurements—like wind speed, inundation depth, or flow velocities at specific infrastructure locations during windstorms or coastal events—are often rare and impractical, developing a similar intensity scale to correlate damage with hazard intensity, akin to the IMS, is a logical and valuable step forward. In response to this need, the current version of the StEER Unified App introduces a preliminary mapping rules to map out existing hazard-specific damage rating scales-such as Vickery et al. (2006) for wind and Friedland and Levitan (2011) for coastal hazards to EMS-98-consistent scale. In consolidating damage ratings to a common scale for purposes of unification in the app’s data structure, care was taken to retain the overarching level definitions (e.g., slight, moderate, severe damage) while customizing the specific descriptors to reflect hazard-specific damage mechanisms. For example, earthquake-related damage states include descriptors such as “shear cracking” or “wall out-of-plane instability,” while wind damage descriptors reference roof loss, wall breach, and debris impact. Each hazard retains its own technical language and damage indicators, and the framework avoids directly transferring seismic descriptors to other hazards. Instead, EMS-98 is used as a conceptual scaffold for a common data structure to promote cross-hazard comparability while preserving hazard-specific relevance and remaining committed to further refinement. Detailed information on this preliminary mapping is provided in the Supplementary File S5: Quick Reference Sheets: Global Damage Ratings Mapping and is also available at https://www.steer.network/resources.
It is important to note that this mapping effort of consolidating global damage rating into a common data field was intended solely to support unification of the app’s data structure and not to propose a new damage rating scale or enforce strict equivalencies across hazards. Such harmonization would require rigorous expert consensus. Should such consensus emerge in the future, the app can be readily updated. For now, the initial mapping of wind, surge/flood, and rainwater ingress damage provides a starting point—though admittedly it may not fully reflect the balance between structural and nonstructural impacts for non-seismic hazards, especially when compared to EMS-98’s generalized structure. Users are encouraged to consult accompanying guidance documents to interpret the damage ratings within the context of each hazard. This limitation highlights an opportunity for future refinement through the establishment of hazard-specific expert working groups. These groups could enhance the scale by developing more detailed descriptors of structural impacts. For instance, “moderate” flood damage could be better defined by including indicators of structural material degradation—such as corrosion at connections or warping of timber framing—while “moderate” rainwater ingress might include early signs of structural deterioration, like ceiling sag or partial failure of roof sheathing. Such refinements will improve consistency across hazard types and ensure that equivalent damage levels reflect comparable severity in both structural and nonstructural terms.
4.5 Unification of data fields
Table 8 lists the number of data fields in different app sections unified across hazards and structural typologies. In the first three sections, categorized under the Unified Assessment data class (refer to Figure 2), all data fields have been unified, totaling 23 out of 23. This includes seven out of seven fields in App Selection, nine out of nine in General Information, and seven out of seven in the Supplemental Media section. This comprehensive unification is possible because the data fields in these sections are applicable to all hazards, facilitating app branching in subsequent sections for either Hazard Survey or Performance Assessment Survey classes. In the Survey Classes, unification has been achieved for 110 out of 278 data fields. However, no unification was possible in the Hazard Survey section, where the 133 data fields are unique to different hazards. In contrast, the Performance Assessment Survey section achieved unification for 110 out of 145 data fields across hazards. As illustrated in Tables 5 and 6, among the remaining 35 data fields in this section, unification across two hazards is more prevalent than no unification at all. In total 133 data fields have been unified out of a total of 301 in the Unified App.
TABLE 8 | Unification of data fields across hazards and structure typologies.	Sl no.	App sections	Earthquake	Wind	Coastal
	1.0	App selection	(7/7)a
	2.0	General Information
• Inspection information
• Inspection method	(9/9)
(6/6)
(3/3)
	3.0	Supplemental Media
• Site media
• Supplement source	(7/7)
(3/3)
(4/4)
	4.0	Survey Classes	(110/278)
		4a. Hazard Survey	(0/133)
	 4a.1 Earthquake Hazard Information
• General earthquake information
• Specific shaking information
• Ground motion recording
• Assessed hazards and other site effects	(0/22)
(0/4)
(0/3)
(0/10)
(0/5)
	 4a.2 Windstorm Hazard Information
• Wind hazard indicator
• Wind hazard indicator information	(0/24)
(0/1)
(0/23)
	 4a.3 Coastal Hazard Information
• Flow intensity and measurement methods
• Maximum flow depth
• Maximum flow velocity
• Waves	(0/87)
(0/2)
(0/26)
(0/56)
(0/3)
		4b. Performance Assessment Survey	(110/145)
	 4b.1 Facility Information
• Site characteristics
• Facility basic metadata
• Structural information
• Nonstructural information	(65/89)
(1/5)
(27/32)
(25/37)
(12/15)
	 4b.2 Performance Information	(31/42)
	Basic Assessment (BA)
• Structural performance information
o Structural performance media
o Observed condition
o Global structural performance rating
• Nonstructural performance information
o Architectural component performance (9/9)
o ME&P component performance (4/4)
o Content performance (3/3)
o Loss of nonstructural components (3/3)	(31/42)
(12/23)
(4/4)
(7/18)
(1/1)
(19/19)
(9/9)
(4/4)
(3/3)
(3/3)
	Load Path Assessment (LPA)	Not adopted in the current version of the app
	Direct Component Assessment (DCA)	Not adopted in the current version of the app
	4b.3 Functionality Information
• Stage 1: Building safety
• Stage 2: Story access
• Stage 3: Tenant safety
• Stage 4: Tenant function
• Functionality State	(14/14)
(3/3)
(2/2)
(2/2)
(6/6)
(1/1)


a (y/x): x indicates total number of fields and y indicates number of unified fields.
5 ILLUSTRATIVE USE CASE
Two use cases are presented to demonstrate the application of the proposed Unified Assessment Framework via the StEER Unified App in Fulcrum: a supervised pilot during 2022 Hurricane Ian, Florida and an unsupervised deployment for the 2023 Turkey earthquake sequence. Hazard-specific apps, StEER Coastal App_v3 for Hurricane Ian and StEER Earthquake App_v2 for Turkey earthquake, were used. Feedback and user experience gathered from these two events contributed to the synthesis and unification of the data fields from these apps into the StEER Unified App_v1, through a consensus-based unification process led by StEER leadership. For Hurricane Ian, a FAST team was deployed by StEER for comprehensive data collection using a mixed methodological approach, which included: (i) rapidly imaging a wider cross-section of impacted regions using surface-level panoramas (SLP), (ii) aerial imaging of the barrier islands using unmanned aerial systems (UAS), (iii) surveying high-water marks (HWMs) and inundation extents across multiple sites, and (iv) conducting performance assessments of damage to buildings and other infrastructure, for which the app was used under the supervision of the first author (who was embedded with the FAST). In contrast, for the Turkey earthquake sequence, StEER did not deploy its own team but instead supported the Earthquake Engineering Field Investigation Team (EEFIT) by providing access to the StEER Earthquake App_v2 and training materials for their team’s self-directed structural assessments. The following use cases for these two events highlight the types of data gathered, the completeness of the data, its dependency on pre-deployment training of the app, and the time required to complete assessments of different fidelity levels—specifically, the LPA conducted by StEER FAST versus the BA conducted by EEFIT.
5.1 2022 Hurricane Ian
On 28 September 2022, Hurricane Ian made landfall near Cayo Costa, Florida, as a Category 4 hurricane, with peak sustained wind speeds over water estimated at 150 mph and a minimum surface pressure of 940 mb (NHC, 2022). Storm surge inundation measurements reached 7.5 m relative to NAVD88. Despite being a below-design-level wind event, the storm surge impacts were catastrophic, resulting in significant damage to infrastructure and loss of human lives along the densely populated west coast of Florida, particularly in the barrier islands of Fort Myers Beach (FMB), Sanibel, Saint Carlos, Cape Coral, and Bonita Beach (Cortes et al., 2022). Additionally, heavy rainfall led to extensive inland flooding across Florida and into the Carolinas as Ian made a second landfall there on September 30.
In response to Hurricane Ian’s impact, StEER activated all the way to Level 3, deploying multiple FASTs in phases to the landfall region (Prevatt et al., 2022). At Level 3, an 18-member team collected data from October 19 to November 4, 2022, which included specialists in aerial and surface imaging, high-water mark (HWM) documentation, and structural assessment, ensuring a diverse skill set for comprehensive data collection. The structural and coastal teams conducted a thorough assessment of 273 buildings and documented 177 HWMs using the StEER Coastal App_v3 (see Figure 6). As shown in Figures 7A, the data collection ensured hazard intensities were documented via HWM collocated with performance assessments of affected structures. Figures 7B–E showcase photographs from the HWM assessments and the structural performance assessment of a local post office in FMB. The majority of structural assessments focused on residential buildings (single family 64.7% and multi-family 17.85%), with limited representation of commercial (∼7.8%) and critical facilities (∼1.8%). The FAST collected extensive data within the Fulcrum app using the LPA option, capturing various attributes such as location, year built, building category, structural systems, details of the structural load path, including the presence of breakaway walls and other coastal features, types of loading experienced (hydrostatic, hydrodynamic, debris impact, etc.), and observed exterior damage to fenestration, wall cladding, roof cover, and structural systems.
[image: ]FIGURE 6 | Locations of performance assessments and High-Water Mark (HWM) surveys conducted by StEER FAST in Fort Myers Beach and Sanibel Island, Florida, following 2022 Hurricane Ian.[image: ]FIGURE 7 | Example of hazard and performance assessments for multiple buildings in close proximity from Hurricane Ian field investigation. The figure includes (A) a map showing the locations of the assessments, (B) a photo of a High-Water Mark (HWM) measurement taken inside a critical case structure (a post office) relative to the floor level, along with (C) relevant metadata of the measured and processed HWM recorded in Fulcrum. Additionally, (D, E) show overall photos of the damage observed around the same structure, while close-up images (F, G) capture damage to load path elements. Lastly, (H) shows a sample feature set of data recorded as part of Basic Assessment (BA) and Load Path (LPA) assessments.Figure 8A,B represent histograms showing the duration of LPAs and HWMs as assessed by Hurricane Ian FASTs. The mean duration for LPAs is 18.5 min, with a standard deviation of 55.3 min, while HWMs have a mean of 6.5 min and a standard deviation of 17.9 min. In both assessment types, the standard deviation is approximately three times the mean. The LPA assessments involved a larger number of questions compared to HWM assessments, which is reflected in their longer response duration. Figures 8C,D illustrate the completeness of data for two assessment types with increasing fidelity levels, BA and LPA, respectively. Figure 8C shows that for the BA, the mean response rate is 77.9%, with a standard deviation of 18.5%. Notably, two questions—the global damage rating of the structure and the hazard present on-site—achieved a 100% response rate, as they were required fields (RFs) in the app. In contrast, the response rates for field priority fields (FPs) varied between 49% and 97%. The lowest rate, 49%, pertains to the overall damage note, a text input field for additional observations, while the highest rate corresponds to documenting evidence of debris impact on the structure. Other questions related to the number of stories affected and details about affected stories had lower response rates due to the need for access to all floors in multi-story buildings, which the FAST often could not access to. Figure 8D shows that for the LPA, the mean response rate is 47.6%, with a standard deviation of 18.1%. The response rates ranged from 5% to 66%, with the lowest rate corresponding to overall damage notes on lateral load-carrying systems like BA, and the highest related to damage at the connections between the foundation and superstructure. The LPA questionnaire requires considerably more effort, access, and scrutiny to identify damage along load path elements, justifying the lower response rate compared to the BA. Since none of the LPA questions are required fields, no questions reached a 100% response rate. Overall, the differences in data completeness between BA and LPA underscore the varying levels of access, effort, and expertise needed for these different fidelity assessments.
[image: ]FIGURE 8 | Histograms showing the duration of assessments for (A) Load Path Assessment (LPA) and (B) High-Water Mark (HWM) surveys conducted by the StEER FAST during the 2022 Hurricane Ian deployment. The red vertical lines in these figures represent the mean duration. The completeness of the sample set from questionnaires recorded by the assessment team is shown for (C) Basic Assessment (BA) and (D) Load Path Assessment (LPA). Note the nested nature of the performance assessment process (see Figure 3), where higher-fidelity assessments, such as LPA, involve completing both BA and LPA questionnaires sequentially.5.2 2023 Turkey earthquake sequence
On 6 February 2023, southeastern Turkey (Türkiye) was devastated by two large-magnitude earthquakes. The first, with a magnitude (Mw) of 7.8 and a focal depth of 17.9 km, occurred along the Eastern Anatolian Fault (USGS 2023a). Nine hours later, a second earthquake of Mw 7.5 and a focal depth of 10 km occurred on the Sürgü-Çardak Fault, located approximately 95 km north-northeast of the initial epicenter (USGS 2023b). The shallow depth of the Mw 7.8 earthquake, combined with a bilateral rupture that extended both southwest and northeast across an area of 100 km by 75 km, impacted 10 provinces in Türkiye—Kahramanmaraş, Gaziantep, Şanlıurfa, Diyarbakır, Adana, Adıyaman, Osmaniye, Hatay, Kilis, and Malatya—which together have a population of approximately 13.5 million people (AFAD, 2023). The seismic activity also affected parts of northwestern Syria. The devastation was particularly severe due to the high population density and the vulnerability of the infrastructure in the impacted areas. As a result of this sequence of earthquakes and aftershocks, around 36,932 buildings partially or completely collapsed, while another 311,000 buildings were severely damaged rendering them unusable in Türkiye (IBC, 2023). In northwest Syria, more than 10,600 buildings were partially/completely collapsed (OCHA, 2023).
Deferring to local engineers to lead the performance assessments, StEER elevated only to a Level 2 response for this event, issuing a joint Preliminary Virtual Reconnaissance Report (PVRR) with the Earthquake Engineering Research Institute (EERI) Learning From Earthquakes (LFE) program (Dilsiz et al., 2023). StEER formed a collaboration with other responding groups to hire local contractors to rapidly image the epicentral region using SLP camera systems, collecting over 250 km of panoramic imagery hosted on an interactive dashboard to support responding teams. When possible, StEER equipped responding local engineers with the StEER Earthquake App_v2 and technical guidance; chief among these was the Earthquake Engineering Field Investigation Team (EEFIT), who utilized the app to conduct BA of structures. In total, a five-member EEFIT team assessed 322 structures between March 13-17, 2023 (see Figure 9) (Aktaş et al., 2024). Figure 10 shows example assessment conducted to document a Church performance.
[image: ]FIGURE 9 |  Locations of performance assessments conducted by the Earthquake Engineering Field Investigation Team (EEFIT) using the StEER Unified App in the aftermath of the 2023 Turkey earthquake sequence.[image: ]FIGURE 10 | Example of a performance assessment of a church damaged during the 2023 Turkey Earthquake Sequence (A, B) show overview photos taken around the church, while (C, D) provide close-up views of damage to the arch with (E) a sample feature set of data recorded as part of the Basic assessment (BA).Figure 11A displays the histogram of BA duration of EEFIT team during the Turkey earthquake reconnaissance. The mean duration is 6.2 min, and standard deviation is 16.5 min, which is considerably lower than the corresponding statistic for the LPA during 2022 Hurricane Ian. Figure 11B illustrates the completeness of data in the BA. The mean response rate for BA is 37.9%, with a standard deviation of 33.3%. Like the Hurricane Ian response, the required fields (RFs)—specifically the global damage rating of the structure and the hazard present on-site—achieved a 100% response rate. However, the response rates for the remaining field priority fields (FPs) varied between 10.3% and 30.8%. The lowest rate of 10.3% pertains to the affected stories, while the highest rate of 30.8% is associated with whether the building has collapsed or partially collapsed. Overall, the level of data completeness in the unsupervised BA for the Turkey earthquake is much lower compared to that achieved in the supervised LPA assessments during Hurricane Ian. This discrepancy largely reflects the EEFIT team’s lack of familiarity with the StEER app’s structure during the Turkey response, in contrast to the supervised LPA assessment by the StEER FAST during Hurricane Ian. Additionally, factors such as the need to cover large geographical areas and the nature of the hazard may further contribute to this disparity. Importantly, these findings are not viewed as limitations of the framework itself, but rather as expected outcomes in early-stage, high-pressure field conditions with varying levels of pre-deployment user training and data collection demands, particularly when hybrid (on-site with remote follow-up) assessments are feasible.
[image: ]FIGURE 11 | Histograms showing (A) the duration of Basic Assessments (BA) conducted by the EEFIT team during the 2023 Turkey Earthquake Sequence, and (B) the completeness of the sample questionnaire set related to BA.Drawing on the feedback and user experience data from the use of hazard-specific apps, as well as data completeness statistics from the questionnaires in these two use cases, the performance assessment section of the Unified App has been further streamlined. The app logic was refined to prioritize key fields (RFs, FPs, Media), ensuring they are more prominently displayed than other standard fields, thereby enhancing usability. To further support users in navigating the StEER Unified App, a condensed version of the detailed handbook has been created as a quick reference sheet, along with multiple video tutorials for guidance. These refinements to the app interface, targeted onboarding, and improved pre-deployment training are already yielding higher completion rates in more recent deployments. Ongoing efforts will continue to focus on optimizing form usability and streamlining field workflows to maximize data quality without compromising speed or safety.
As demonstrated by the two use cases, the framework’s tiered structure affords investigators the flexibility to select the depth of assessment appropriate for their scientific questions and mission constraints. Broad, rapid assessments (BA) are often the preferred modality for large-scale reconnaissance due to time efficiencies; however, the framework still can support detailed, time-intensive follow-up investigations when conditions and resources permit. In such cases, LPA and DCA tiers support more granular documentation of damage, making them especially valuable for case studies focused on specific failure modes, structural systems, or multi-hazard interactions. Though less frequently deployed to date, these higher-resolution tiers offer a robust foundation for targeted investigations and in-depth engineering analysis. As field team training advances and deployment strategies become more modular, broader adoption of LPA and DCA is expected. Elements of the LPA and DCA in previous apps, particularly those tailored to wind and coastal hazards, have already been deployed successfully and supported subsequent forensic analyses (Kijewski-Correa et al., 2022; Marshall et al., 2022; Roueche et al., 2024), lending confidence in the approach, but will require more widespread application across all hazards.
6 SUMMARY AND CONCLUSION
Post disaster structural assessment and hazard data collection efforts remain fragmented across hazard types and infrastructure systems due to varying objectives, methodologies, protocols, and standards among investigators and organizations. This limits our ability to fully understand hazard interactions with the built environment and community resilience across events. To address this barrier to knowledge discovery and diverse data reuse, a hazard-agnostic unified framework has been developed to standardize post-disaster data and metadata collection across multiple natural hazards (earthquake, windstorm, coastal) and infrastructure typologies.
The framework’s architecture was shaped through consensus among StEER leadership, guided by a review of existing framework and data collection practices. Input from the 2018 StEER Cross-Hazard Workshop at UC Berkeley further informed its design, highlighting synergies in structural assessment across diverse hazards and structural types, particularly in multi- and cascading hazard contexts. These efforts culminated in the creation of the Unified Assessment Framework. The Framework is structured with three data classes: (1) Unified Assessment, (2) Hazard Survey, and (3) Performance Assessment Survey to organize and store the collected data with similar attributes associated with the survey parameters, observed hazards, and the assessed structure, respectively. Within each data class, data subclasses are defined to further structure the data for improved backend data storage, sorting, discovery, and unification. Finally, at the lowest level, data fields describe attributes of surveys, hazards, and structures that are stored within these data subclasses.
Efforts have been made to unify attributes across the three hazard types (earthquake, windstorm, coastal) to minimize the number of data fields in the framework. Unification of attributes is achieved at the data class and subclass hierarchy level across hazards in the Unified Assessment data class, whereas unification is generally achieved at the data field level, typically across two hazards rather than all three in the Performance Assessment Survey data class. In the Hazard Survey data class, attributes are unique to each specific hazard, so unification is achieved only within individual hazard survey subclasses. The Performance Assessment Survey data class of the framework encompasses a tiered performance assessment approach with increasing rigor and fidelity levels: Basic Assessment (BA), Load Path Assessment (LPA), and Detailed Component Assessment (DCA), which enable in-depth analysis of infrastructure performance, correlating infrastructure performance to site-specific hazards, or understanding the complex interactions of factors affecting structural performance under multi-hazard scenarios aiding in the development of targeted response, recovery, and mitigation strategies.
The framework is implemented as an open-access mobile application, the StEER Unified App, hosted on Fulcrum, a commercial form-builder and data collection platform developed by Spatial Networks Inc. The app features nested menus that intelligently display relevant sections and data fields based on the hazard type, assessment class, and infrastructure type under investigation, minimizing the burden on field investigators to input irrelevant data. Along with unification of data fields, preliminary mapping rules were developed to map out existing hazard-specific damage rating scales (e.g., wind, surge/flood rainwater ingress) to the European Macroseismic Scale (EMS-98) compatible unified damage scale. This enabled consolidation of global damage ratings into a common data field, facilitating the unification of multiple hazards within a single app. In consolidating damage ratings to a common scale for the app’s data structure, care was taken to retain the overarching level definitions (e.g., slight, moderate, severe damage) while customizing the specific descriptors to reflect hazard-specific damage mechanisms.
To ensure effective use of the app by the StEER Field Assessment Structural Team (FAST) and other users, a comprehensive set of training materials has been developed. These include a detailed handbook, quick reference sheet, and instructional videos. The resources are integrated into the app itself and incorporated into the pre-deployment briefing during active missions. They are also publicly available on the StEER website under the Resources section. Two use cases are presented to demonstrate the application of this Unified Assessment Framework through the StEER Unified App: a supervised pilot during 2022 Hurricane Ian, Florida and an unsupervised deployment for the 2023 Turkey earthquake sequence. Following conclusions are drawn based on the work presented.
	• The Unified Assessment Framework provides a foundational step toward harmonizing post-disaster structural reconnaissance across hazards and infrastructure types, resolving long-standing fragmentation in field data collection caused by divergent objectives, protocols, and standards.
	• By enabling consistent, high-fidelity data collection across diverse hazard contexts, the framework advances the integration of engineering evidence into resilience-focused public policy, recovery prioritization, and adaptation planning—making it a critical tool for evidence-based decision-making at local, national, and international levels.
	• The framework’s implementation through the StEER Unified App open to any member in StEERʻs Fulcrum account, operationalizes scalable, hazard-agnostic assessment protocols, lowering barriers to participation while improving consistency and completeness of structural damage data collection in the field.
	• A tiered performance assessment structure (BA, LPA, DCA) enables flexible deployment of engineering rigor, allowing investigators to pick the assessment most appropriate to the research and response constraints. This approach supports both immediate disaster response and development of intermediate-to long-term targeted response, recovery, and mitigation strategies.
	• Initial deployments during Hurricane Ian (2022) and the Türkiye earthquake sequence (2023) demonstrate the feasibility of standardized assessments and offer insights into how data collection is influenced by assessor pre-deployment training and assessment tier, especially in more demanding tasks like load path evaluation.
	• The initial mapping of damage states consistent with European Macroseismic Scale (EMS-98) provides consistent data structure to enable compounding and cascading hazard assessments and cross-event comparability. However, refinement is still needed—especially in flood and moisture-related damage domains—to balance structural and non-structural impacts more accurately.
	• Future validation efforts can focus on benchmarking LPA and DCA field data against detailed engineering analyses and repair estimates, critical for improving the accuracy of field definitions, damage states, and uncertainty quantification.
	• To support reproducibility and interoperability, the framework incorporates a version control system and changelog for all forms and backend schemas, preserving compatibility across datasets and enabling structured updates as knowledge and methods evolve.
	• Mapping historical StEER event data into the Unified App and accepting community-contributed data will create a dynamic, growing dataset, establishing a long-term testbed for machine learning models, policy simulations, and resilience research.
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2. General Information

Address. 31800 Samandag Hatay, Turkiye
Latitude 36104911
Longitude 35989088
Inspection date March 25, 2023
Sampling method Critical case sampling
Area assessed Exterior and interior both
4b1 Facility Information
Site on slope? Yes
Facilty material Masonry
Construction year Unknown
Number of stories above ground 1
Vertical irregularity? Yes
Horizontal irregularity Yes
Occupancy category Church
Instrumented No
Structural system Unreinforced masonry bearing wall building (URM)
Foundation category Unknown
Roof system Wood rafter

4b.2 Performance Information

Basic Assessment (BA) Information

Hazard present at the site? Ground shaking
Number of stories affected i

Affected stories 1

Evidence of any soft storyiweak story None
formation?

Evidence of any torsional effect? None

Racking damage to main lateral force Moderate

resisting systemystructural components?
Collapse/partial collapse, or building off  Severe
the foundation?

Evidence of potentia falling hazard (e.g.  Severe
chimney, parapet, facade, etc.)?

Ground slope movement or large fissure  Minor

at the site?

Geotechnical hazard, scour, erosion, Minor

slope failure?

Overall damage note Church plan and dimensions similar o St llyas. A recently

added stone porch collapsed. There is an RC frame structure
around the church - this may have helped its stability. Out of
plane wall failure (featuring rubble wall leaf disintegration)
higher up in the wall above the RC beam in the east side of
the church, just before timber screen. Separation between
apse and nave initiated but cracks inside apse. In St llyas
there were large unsupported spandrels above the chancel
arch, here the spandrels are small and the chancel arch hugs
the timber roof at its crown. This may have led to a different
separation mechanism. Arch failures consistent across the
three bays of the nave.

Global damage rating Substantial to heavy damage

(E)
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structure/ hazard survey site to provide to debris piles, large fissure in the ground,
the pgrspective of the site. Note that massive ground movement, or slope
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Basic Assessment (BA) Performance
Information

B —— | Hazards Present at the Site .
Structural Performance Numeric Input field

Use photographs and aud
to capture as much informat
practical. Photographs should include
all accessible sides of the structure.
Use the following convention and
number cards while taking pictures in
the counter-clockwi: irection around
the building: Front wall: 1, Right wall: 2,
Back wall: 3, and Left wall: 4). This is
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assessment consistency. atthe site? (Field Priority)

slope failure? (Field Priority)

Descriptive
L) Free form note
[l guidance
Overall Performance Note
Closeview Photos of Structural 6]
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Q Global Structural Performance Rating
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Observed Condition

Basic Metadata ”
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Facility Material
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Fist Story Height ® Injuries/Fatalities? (Field Priority) @

Average Story Height Above the First @ Yes No Unknown

Occupied Floor

©) (D)





OPS/images/fbuil-11-1546616-g006.jpg





OPS/images/fbuil-11-1546616-g003.jpg
Purpose Global performance assessment.

Global Performance Information
Overview damage photos
Close view damage photos
Observed Conditions

Structural damage
Non-structural damage
Global damage rating
Functionality Information
Partial / total
collapse

Trade offs | Maximize observations, minimum
fidelity.
Identifying damage gradient,
patterns of failure.

Component-level performance
assessment.

Component Performance
Information
Geolocation of damaged Critical
Load Path Elements (CLPE)
Damage measure/classes
Component damage rating

Fewer observations, more robust
damage rating potential.

Damage quantifications mapped to key
rating systems.

Component-level performance
assessment with details necessary for
advanced analysis.

Enhanced Component Performance
Information
Specifications (manufacturer, impact
rating, etc.)
Dimensional data
In-Situ non-destructive
measurement, LIDAR scan
Sample collection for lab testing

Nondestructive
measurement

Specification

Limited observations, maximize fidelity.

Detailed modeling, forensic
reconstruction, hindcasting.
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4a.3 Coastal Hazard Information

Assessed Hazard

Flow condition measurement method

Flow intensity measure

Flow Conditions

Maximum flow depth

Maximum flow depth measure High-water Mark (HWM

Measured HWM

HWAM elevation above Datum-1 1.98 m

Datum-1 metadata

Maximum flow elevation from post office floor

HWM elevation above Datum-2 19.02 m

Datum-2 metadata

Processed HWM
Processed HWM includes

Flow depth over first floor
Flow depth over grade level
Quality Index

Geoid, RTK -22.4 m+ 1.4 m floor level + 1.98 m

from floor

Surge only
Still water elevation above MSL 4.98m
Still water elevation above NAV88 5.086 m

1.98m
3.38m

A: Clear debris line, obvious highest debris line,
surge level very likely not higher than this

elevation (+/- 10 cm

©

2.General Information

Address,
Latitude
Longitude
Inspection date
Sampling method
Area assessed

200 Caroline Ave, Fort Myers Beach, FL
26.452476

-81.949254

October 19, 2022

Critical case sampling

Exterior and interior both

4b.1 Facility Information

Site on beach front?

Facilty Material

Construction year

Number of stories above ground
Occupancy category

Structural system

Foundation category

Roof system

No

Steel, wood, corrugated sheet
1977

g

Post Office

Steel braced frame (S2)
Reinforced masonry stem walls
Steel cold form

4b.2 Performance Information

Type of loading experienced
Basic Assessment (BA) Information
Number of stories affected

Affected stories

I the facility shielded by other structures from
surge and wave action?

Is there evidence of breakaway wallfailure?

Is there evidence of any floor-slab uplift?

Is there evidence of debris impact or damming
on the structure?

Is there evidence of surcharge load in floors
due to water retention?

Overall damage note

Global damage rating
Load Path Assessment (LPA) Information
Broken, leaning, or severely degraded moment
frames?

Broken or severely damaged diaphragm or
horizontal bracing?

Damage or failure of wall-to-floorAwall-to-roof or
bracing connections?

Damaged! failed connections between
superstructure and foundation?

Extensive sedimentation around piles, piers,
columns, walls, and foundation?

Buiding in zone of suspected slope.
movement?

Damage notes on lateral load carrying system

Fydrostatic, Hydrodynamic.
1

1

Yes

No

No

No

No

Mostly heavy damage to aluminum exterior and
fenestration. No collapse but interior totaled.
Substantial to heavy damage

No

Yes

Yes

No

No

No

Damage to connection in horizontal cold form
bracing.

(H)

Photo evidence, Field measurement
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